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16 Abstract

Both anecdotal reports from pilots and theories of visual cues would predict lower
approaches to narrow or long runwavs than to wide or short runways. Practice with

a particular width of runway would also be predicted to increase subsegquent approach
angles flown to wider runways, and decrease appreach angles to narrower runwavs. Two
experiments with instrument-rated pilots made guantitative tests of these predicti0n$.

In Experiment I, three pilots flew simulated approaches and landings in a fixed-base
simulator with a computer-generated-image visual display. Practice approaches were
flown with an 8,000-ft-long runway that was either 75, 150, or 300 ft wide; test
approaches were to runways with widths of 7%, 100, 150, 20C, and 300 ft. In
Experiment TI, 40 pilots controlled the slant of a moving model runway during simu-
lated nicht visnal aprpreoaches. Five different models simulated runways from 100 to
30C f{t wide and 3,000 to 9,000 ft long. As predicted, training on a wide runway in
Experiment I lowered approach anagle in approaches to narrower runways; a narrow
practice runway also raised approach angles to wider runways. The magnitude of thesg
practice effects increased as distance from runway threshold decreased. There was
also a general tendency for approach angles to decrease as runway width decreased.
The latter eifect was corroborated in Experiment II; in addition, generated approach
angles decreased with increasing runway length. Giving half the pilots information
about runway size prior to each approach had no effect on responses. These findings
i add to the guantitative evidence of danger in nigh% wvisual approaches due to visual

illusions and large variahility in the visual perception of approach angle.
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EFFECT OF DIFFERENT RUNWAY SIZE ON PILOT
PERFORMANCE DURING SIMULATED NIGHT LANDING APPROACHES

Introduction.

Visual illusions are considered to be an important factor in causing a
relatively high accident rate during night visuval landing approaches (1-5,7-9,
12,13,15,23,24). Analyses of many civilian (11,12,13) and military (22}
accidents show that a relatively large number of aircraft crash short of the
runway in nighttime accidents unrelated to aircraft malfunction or adverse
weather. Many of these crashes are thought to have been caused by a lack of
visual infermation or to "erronecus information” in certain geographical
situations (e.g., sloping runway or sloping terrain around the runway) (12).
Until recently our knowledge of these visual illusions in the night approach
situation has been based, in a large part, on anecdotal accounts by pilots
who have survived some crashes. Because of the relatively high accident rate
in the night approach situation and the high cost of such accidents in terms
cf human life, studies were undertaken to assess the alleged visual illusions
quantitatively and to determine their cause so that (i) pilots could be given
more explicit information concerning the hazards of night landing approaches
and (ii) a means of altering the approach environment might be identified so
as to effectively improve safety.

Previous research has shown that there is a general tendency for pilots
to fly lower approaches at night in "black hole" conditions, in which only
the edge and end lights of an unfamiliar runway are available for vertical
guidance during the approach, and that the perception of apprcach angle ig
extremely variable in this situation {10,17,20,21). This problem of low and
variable approaches at night may be the result of large variations in the
widths and - lengths of runways at various alrports. Some researchers have
suggested that if the width and/or length of an unfamiliar runway differs
radically from that to which the pilot is accustomed, then the resulting
illusions cause systematic deviations above or below the desired glidepath
{(1,7,23). wWulfeck, Weisz, and Raben (26) stated the problem and a theoretical
interpretation as follows:

A pilot approaching an unfamiliar airport may have trouble
judging position by the shape of the rectangle outlined by runway
lights. For example, after a few landings at one airport, he
learns the length-to-width ratio for the runway that will show him
he is approaching at the proper glide angle. If he goes into a
strange airport where the runway is either shorter or wider and
attempts to use the same parspective cues as before, he will be
too high and come irr at too steep an angle. Conversely, if the
runway is longer or narrower, he will come in too low. These
difficulties are to be expected from the geometry of the situa-
tion, and they are confirmed by pilots' experiences, though no
experimental data are available. (p. 262).
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. - This present.study has been conducted in an attempt to quantify these .
visual effects, or illusions. Experiment I was designed (i} to. evaluate
dev1atlons from the desired glldepath in simulated night approacbes to un- -
familiar runways of the same length but of various widths, and {ii) to deter—
mine the effect of practice with a particular runway‘'width on subsequent
approaches to runways of different widths. Experiment II was then conducted B
to compare the effects of varying runway width with the effect.of varying run- .
way length. The nighttime "black hole" was ‘=imulated in both experiments to
provide maximum effect of variations in runway length ‘and width. :

EXPERIMENT I

In the first experiment, an alrcraft simulator w1th a comDuter—generated
visual. display of the runway scene. was used to measure performance during
approaches to runways of constant: length but vafylng width, followzng practlce
with a flxed runway width. :

Famﬂllarlty w1th a particular rupway w1dth was - accompllshed by havlng
subjects fly 20 51mulated visual. approaches and landlngs to a runway that was®
either 75, 150, or 300 ft wide.  The -effect of practlce was ‘then measured in
20 additional approaches in which five runway W1dtns (75, 100, 150, 200, and
300 ft) were presented in random order. The theory of Wulfeck et al. would
predlct that approaches flown to runways of differing width but constant length.
would generate 1ncrea51ngly larger appreoach angles as a direct function of
greater runway width. Additiomially. the function relating runway width to:
approach angle should (i) shift upward following practice (familiarity) with:
the most narrow (75 £t} runway and {ii) shift downward after practice with the. .
widest (300 ft) runway. The funétion should have an intermediate position
between.the two previous cases when practice is given with a runway of 1ntet—
mediate (150 ft) width. That is, approach angles should shift upward for
w1dths ‘greater than that of the practice runway and. aownward for test ‘widths
narrower than practlce. i

Method:

Subjects.' Three men, pllots w1th instrument and multiengine ratlngs,=
served as sub]ects-_ All had at least 20/20 acuity at the 30- and 40-inch .
dlstances measured by a test developed at the ClVll Reromedical Institute, and . =
all passed the Farnsworth Lantern Test for color vision. The three subjects -
"had exoerlence levels of 300, 4, 200, and 7,000 hours of flylng tlme. '

Apparatus, The sub;ects flew simulated VlSLal Fllght Rules (VFR) approacheq
in a fixed-base simulator comprising a specially modified Analog Training :
Computer, Model 610-J simulator, with a computer-generated image (CGI) visual
dlsplay ‘mounted in the cockpit windshield to provide a simulation of: the out— .
the~w1ndsh1eld vAsual scene synchronized with the simulated aircraft'’'s flight.
The simulator was modified to produce electrical signals corresponding to the
following parameters of flight: .{i) X and Y coordinates, locating. the air-
craft on the ground plane to the nearest 3 ft, (ii) altitude coordinates to
the nearest foot,: (iii) roll, (iv) pitch, and {v) heading. The CGI system has - -
been described elsewhere (18). A 17-inch multicolor ¢ —ray tube was . 2
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ont of the pilot and ahead of the cockpit windshield, at a
rom the pilot's eye. The display was controlled by a

t Corzoration PDP-11/45 computer with a VB-11 display
rrocessox and associated analcg and digital inputs.

The display simulated a dynamic nichttime visual scene svnchronized with
che maneuvers of the alrcraft simulator. Data bases were constructed to
simulated runways 75, 100, 150, 200, ard 300 it wide. The length of all run-
wayvs was 8,000 £t and only rumway lighting was visible in the out-the-windshileld
scene which simulated a “black hole" situation (lights simulating approath
lighting, taxiwavs, terminal areas, other runways, etc., were excluded). The
intensitv of all simulated runway lights varied with distance and had a
realistic appearance.

Procedure. In the first experimental session, each subject's acuity and
color vision were tested. The subjects were then acguainted with the simula-
tor. Recommended flap settings, airspeeds, and vertical speeds to be used
were discussed at that time. Thirty to forty preliminary flights were then
made to let each subject become familiar with the simulator before the
experimental runs were begun. Each flight in both preliminary and experi-
mental trials consisted of takecoff and c¢limb to a designated altitude on a
constant heading. when the subject had established level flight at the
designated altitude and proper heading, the simulated position of the aircraft
was moved by computer command to a positicn approximately 5 1/2 to 6 1/2 miles
from threshold on the extended centerline of the runway. The designated
altitude assigned for each approach was randomly selected from a table ranging
from 1,100 to 2,700 ft in 100-ft steps. Although the subject always knew the
altitude from which the approach was started, he was not informed of the
distance from the runway at the beginning of the approach. The task of the
subject during both preliminary training and testing was to fly a "normal”
glidepath angle during the approach and to touch down about 1,000 ft upwind
from the runway threshold.

There were three conditions of the experiment in which each subject
participated. Each condition consisted of four experimental sessions with
one session per day. These four sessions were divided into two familiariza-
tion (practice) sessions and two test sessions. Three runway widths (75, 150,
and 300 ft) comprised the three conditions used during the practice sessions.
Tn each condition, the two practice sessions comprised 2C¢ approaches (10 per
session) to the appropriate practice runway. The two practice sessions were
followed by two test sessions in which apprcaches were made to runways of five
widths: 75, 100, 150, 200, and 300 ft.

The 10 test apprcaches in each test session consisted of two blocks of
five approaches with all five widths given in a different random order in each
block. Therefore, following practice approaches in a particular condition,
each subject made a total of four test approaches to each of the five test
runway widths. It should be noted that in preliminary trials, which were
given to acquaint subjects with the simulator priocr to the first experimental
practice and test sessions, the width given each subject corresponded to the
runway width administered during the practice sessions of the first experi-
mental conditicon.
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The order in which the three experimental conditions (practice runway
widths) were given was different for each subject. The three orders were: Sub-
ject 1i-75, 300, 150 ft; subject 2--150, 75, 300 ft; subject 3-300, 150, 75 rt.

Resuits.

in each test trial, simulated altitude and distance of the aircraft were
recorded at l-second intervals during the approaches. These data were then
converted to generated approach angles (calculated by finding the angle whose
tangent was the ratio of generated altitude to distance from the desired touch-
down point, 1,000 £t upwind from threshold).

Means of the approach angles (in degrees) as a function of practice run-
way width, test runway width, and distance, were evaluated by analysis of
variance. Distance was evaluated in this analysis by obtaining the mean
approach angle in each of the four l-nmi segments of each approach over the
range of distances from 4-nmi (24,000 ft) to threshold. The significant effects
in this analysis were the main effects of practice runway width {p < .05) and
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Figure 1. The main effects of {A) practice and (B) test runwav width
on generated approach angle in individual subjects.
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igure 2. The effect of practice and test runway width in each of the
four l-nmi segments of approaches from 24,000 ft to thresheold.

the interactions of both practice runway width with distance (p < .01) and
test runway width with distawnce (p < .01}. Figure 1A shows the sicgnificant
main effect of practice runway width for each sublect as well as for data
averaged over subjects. Mean approach angles generated by pilots decreased
as a function of practice runwav width for all subjects. The effect of test
runway width is shown in Figure i8. Althcuch the average over subjects
indicates an increase in mean approach angle with test runway width, the
curves for the individual subjects show that this trend was consistent for
only one subject.

The siynificant interactions of practice and test runwav width with
distance are shown in Ficure 2, where mean apgyoach ancles are plotted as a
function of practice and test runway width separately for each of the f{our
1-rmi distance intervals between 24,000 ft and threshold. Figure 2 shows
that the trends in the main effects of both practice anc test runway width
are generated at the nearest distance interval and decrease with distance
from runway threshold. Althouch the main effect of test runwav width was not
consistent in the three subjects when data were averaged over all distances, a
large effect of test runway width is apparent at the nearest distance interva
To evaluate the consistency of that result in the data Ifor individual subjects,
the interaction of practice and test runwav width in the distance interval from
€,000 ft to threshold was plotted in Figure 2 for each subject. These data
show a larce eifect of test runwav width, with approach angle increasing as a
function of test runwav width in the data of subjects 1 and 2. Althouch the
possibility of a similiar trend 1s suggested in the data oif subject 3 in the
curves for the 75- and 150-ft practice conditions, this subject’s data are
cuite variable ané the curve for the 300-ft rractice conditien clearlv does
net support this trend. In the latter curve, apoproach angles cenerated have
a proncunced V-shape; the curve decreases consistently as test runwav
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Tigure 3. The effect for each subject of practice and test runway width
in the last mile of appr aches.

_ width increases up to 200 ft and then increases dramatically. The main effect
of practice runway width as shown in Figure 3 is consistent in all three sub-
jects and in accord with theoretical predictlions. Bgreement with the theory
is less clear in the case of the effect of test runway width due to ‘vari-
ability in responses, but the predicted increase in approach angle with test
runway width is supported by trends in the data at near distances.

Variability within the responges of an individual subject was measured
by calculating the range of responses in the four approaches mads in a partic-
ular experimental condition. Mean intrasubject ranges for each practice run-—
way width, test runway width, and distance are shown in Table 1. These data
were not given further statistical analvsis. The only variable affecting
intrasubject response variation was distance. The intrasubject range of
approach zngles consistently increased as distance from runway threshold
decreased. There was no consistent effect attributable to practice runway
width or test runway width. Differences among subjects were aiso not great.
The most important finding was that the range of approach angles was guite
large in the last mile of the approach in all three subjects; intrasubject
range approached a vaiue of 3° in the responses of two subjects.

Variation between subjects in approach angle was measured in terms of

the range of individual subject means for each combination of practice run-
way width, test runway width, and distance interval. These intersubject
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TABLE 1. Intrasubject Variability (Range) of Cenerated Approach Angles

(in degrees) as a runcrion of Practice and Test Runwav Widths and Distance

Subject
Practice Runway 51 s2 53 Mean
75 It z.26 l1.64 1.77 1.89
150 1.49 2.31 1.32 1.71
200 1.13 1.36 1.33 1.27
Test Runway
75 ft 1.76 1.89 1.26 1.64
100 1.28 1.50 1.27 1.3%8
i50 1.89 1.86 1.91 1.89
200 1.54 i.54 1.46 1.51
é, 300 1.67 2.07 1.49 i.74
Distance Interval
0 - 1 nmi 1.87 2.71 2.75 2.44
1 -2 1.66 1.88 1.27 1.60
2 -3 1.54 1.47 1.05 1.35
: 3 -4 1.44 1.01 .84 1.10
. variability data are summarized in Table 2. The average intersubject range
;; is given for each practice runway width, test runway width, ané distance
:j interval. Acain, only distance appears to be systematicallv related to
variability.
Discussion.

This experiment was an attempt to guantify a visuzl illusion in the
pilot's perception of vertical position in the night approach situation due
to variation in runway widtlh and prior practice with particular runway widths,
Anecdotal references to runway width illusions in the aviation literature
suggest that perceptual errors in judgments of approach angle as a function
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TABLE 2. tersubject Variability (Range) of Generated Approach Angles
(in degrees) as a Function of Practice and Test Runway Width and bBistance

Practice Runway

(£t} Range
75 1.22
156 1.44
300 1.13

Test Runwav

(£t)

75 1.49
i9%0 -86
150 1.37
206 i.10

300 1.49

Distance Interval

{nmi}
o -1 1.4
> -2 1.16
2 -3 1.01
3 - 2 .94

of differences between familiar and strange runways are many and consistent.
The present experiment confirmed the consistent effect, in three pilots, of
practice with a particular runway on subsecuent generated approach ancles with
runways of differing size. The present finding also indicates that visual
experiences with a particular runway over the short term {only 20 practice
approaches)are sufficient to bias responses. Thus, "familiarity"™ with =z
particular runway size apbears to lose its effect as a function of intervening
experience with a runway of different size.

i
&

Of particular importance to pillots, we believe, was the finding that in
+he last mile of the approsch to a2 particular runway, the biasing effects of
visual experience with a particular (prior) rumwav of a different width will
result in the later approach being flown above or below the desired approach
path by as much as one degree or more, on the average. The fact that the
variability of approach angles was large, both within the approaches of an
individual pilot and among all nilot subjects, does not detract from the
importance of the present findings. Rather, it serves to empbasize the fact
that the pilot's perception of vertical position is imprecise during visual
approaches at nicght. The pilot's perception of approach angle in repeated
approaches in tke same environment is, therefore, best described by a distri-
bution of respvonses in which variability, as well as central tendency, must be
considered. The effect of the runway width illusion is to shift the whole
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distribution of responses that can occur in a given rurnway situation up or
down the scale of appreach angles. In this regard, a low appreoach and result-
Lngr crash short of the runway is moest probabie in the case when & response in
the Iower extreme cf the distribution occurs znd when the vilot's recent prior
experience with a wider runway has shifted his response &istribution ownward.
Likewise, 2 high approcach with a probable overshoot of the runway is most
likely to occcur after recent experience with ancther more narrow ranway.

EXPERIMENT IL

Elrvhouch Experiment I didé not vary the length of the simulated runway,
the theorv of wWalfeck et &l. (28} also predicts that approaches flown to
runways of differing lencth but constant width should generate avproach angles
that decrease as a divect function of test runway length. This prediction was
tested in Experiment II, and the effect of variation in rmway width re—
exanmined, again in a simulated nichttime "black hole" situation. The compari-
son of length and width effects has significance not onlv in guantifving
vigsual illusicns in the night approach to landing situation but alsc has.
significance in determining which cues in the runway image are important in
the perception of the apprcach path at night. -

A different task, recuiring less trairninc of subjects, and a different
visual simulation technicue were used in Experiment II to study runway size
efiects. ifferent lencgths (3,000 to 9,000 £t} and widths (100 to 300 £t} of
runway lichting systems were simulsted with scale models. The task of the
oilot was zalwavs to centrol z model, as it moved toward him over the simulated
distance range of 23,000 tc 5,000 ft from threshold, to produce & "normal™
approach angle, and to vreduce the same "normal” approach angle on all attempts.
The effect of prior kncwledge of runway size was alsc studied by giving half
the pilots informaticn about ranway size pricr to each simulated approach.

Method.

Subjects. Forty male pilots served as subjects. They were between 25 and
60 vears of age and were active in air carrier, military, or general awviation.
All had 20/20 aéuity at the far point, and all possessed instruvment ratings.
The subjects were randomly assigned to two groups differing in whether they
were given runway size information. Twenty subjects in one group were not
given runway size information; they had a medizn-exprerience level of 1,950
total flving hours with a semi-interguartile range of 1,850 howrs. The 20
subfects in the group that was given runway size information had a median-
experience level of 1,750 hours with a2n interquartile range of 2,615 hours.
Nine pilots in the "No Size Information”™ group and seven pilots in the "Size
Informatien Group” had heavy multiengine aircraft experience. BAI1L1 other sub—
jects flew light single znd twin engine ajrcraft.

Apparatus. The apparatus used 1in this study has been described in detail
previously (18}. The nighttime approach scene was simulated with five models
of rusway lighting systems containing edge and end lights only, with lights
colored appropriately. Runway widbth was varied in three of the models. The
simulated widths were 100, 1I5C, and 300 ft, and all three had a similated

9

i

ik



. . . .
T TR TN - g e ST T T T e —
A T . P

Bl

B2

TR T

P2 R
l F
P3 .
Ml I p A
Al
L c )

T Q @]

Figure 4. Schematic of apparatus {Al and AZ, removable tarqgets for &  igning
optical system; Bl and B2, baffles; , cart; ¥, rotation & is; H,
herizontal line-of-sight; MI and M2, mirrors; 0, eve position; Pl,
P2, P3, segments of the optical axis; @, apparent axis of radial
motion; R, runway model; T, track; B, viewing angle; 8, model slart.

length of 6,000 ft. The two additional models had 150-ft widths, but had
lengths of 3,000 and 9,000 ft. Tength/width ratics of 20:1, 40:1, and 60:1
were represented in these models. The models were created in 1,200:1 scale
using a fiber optic technigque described previously (18). The light box on
which the models were mounted for experimental trizls contained fluorescent
sources and intensity was adjusted to simulate an average luminous intensity
of 120 candelecs for individual white runway lights.

A schematic diagram of the apparatus is showvn in Figure 4. It consisted
of a runway nodeil (R), the cart and track {(C and T) on which the model runway
moved toward the subject, and a mirror viewing system (M1 and M2). The model
was viewed monccularly from an enclosed cbservation booth through a 12-mm
aperture at Bl. This arrangement enabled the model to move directly toward
the observation point along a virtual optical path (Q) which was 3° belcw the
gtraight ahead direction {(H). Since the model was seen in an otherwise dark
field, variation in the slant of the model (D) appeared to the subject as a
change in approach angie. The slant of the model and, Rence,; apparent
apprcach angie, was controlied by the subiect during the experimental trials.
Mcdel slant was measured and recorded to the nearest 0.1° throughcut each
experimental trial. Targets Al and A2, shown in Figqure 4, were only present
during optical alignment of the system.

10
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: Praocedure. The subject's task was to control the runway model as it
movad toward him in order o produce whait locked like a "normal" approach
engle, and to produce the seme angle on every subsegueni trial. During each
trial, the model was visible and was controlled continuously by the subject
as it moved toward the observation position over a simulatad distance range
of 232,000 ft to 5,000 it from threshcld. The simulated approach speed was a
constant 125 knots.

After familiarization, four practice trials were given each subject with
the 150-fc-wide, 6,000-ft-long vunway. Fifteen test trials with all five
runways followed. Prior tc the start cf each test trial, the model was set
at a simulated approach angle of 0-50, 3.00, or 5.5°. Each of the 15 com-
binations of five runways and three starting angles appeared once in random
order in the series of test trials giver each subject. In the "Size Infor-
mation Group,” subjects were told the simulated size of the runway prior to
each trial. No feedback concerning performance was given ary subjects during
the experimental period. Experimental sessions lasted approximatelv 2 hours
for each subject.

Results.

Approach angle was the dependent variable. It was defined as the angle
between the line-of-sight to the runway threshold and the plane of the runway
model. Approach angles were measured for the present analysis at half-mile
{2,000 t) intervals from 17,000 to 5,000 ft ‘rom threshold.
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The effects of varying runway size and distance on generated avproach
angles are illustrated in Figure 5. Both runway size and distance had eflects
statistically significant at the 0.01 level, as did their interaction. For
the three 6,000-ft runways, generated approach angles increased as runway
width increased. Mean approach angles for the 300-, 150-, and 100-ft-wide
runways were 2.80°, 2.23% and 2.019, respectively. Por the three 150--ft-wide
runways, approach angles increcsed as runway length decreased. Mean approach
angles for the 3,000-, 6,000-, and 9,000-ft runwavs were 2.74°,2.23%9 ana
1.967, respectively. Runways of different sizes, but with identical ilength/
width ratios, preduced similar approach angles on the average, and mean
approach angle increased as a function of runway length/width ratio. However,
when length and width effects for individual subjects were examined, there
was no significant correlation fcund (r = 0.05).

The effect of knowledge ¢f runway size is shown in Figure 6. Mean
approach angles were approximately ¢.5%° higher in the group given knowledge of
rupway size prior to each trial, but that effect was not statistically
significant. There was alsc no interacticon of knowledge of runway size with
variation in simulated runwayv size in the producticon of approach angles.
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The main effect of starting angle was significant at the .0l level as
was its interaction with distance. 1In general, approach angles increased as
a function of starting angle. The difference in mean approach angle between
the 5.5%and 0.5° starting angle ccaditions was 0.78° at the 17,000~ft distance.
This difference decreased *o 0.25° at the 5,000-ft distance. There was no
interaction of starting angle with sither simulated runway size or information
about runway size.

TABLE 3. Intersubject Range in Degrees as a Function of
Runway Size and Distance From Threshold

RUNWAY SIZE (FEET)
DISTANCE 150 x 300 x 150 x 100 x 150 =

(FEET) 3,000 6,000 6,000 f,000 9,000 MEAN
5,000 4.68 6.35 5.88 4_49 4.56 5.23
g.000 3.90 5.26 4.59 3.79 3.95 4.30
{1,800 4.58 4.55 3.85 3.0p 348 3.%1
14,000 46.98 4.1% 3.44% 3.56 2.43 3.51
17,000 4.51 3.33 3.54 3.33 3.86 3.71
MEAXN 4.53 4.77 5.26 3.65 3.86

TABLE . Intrasubject Range in Degrees as a Functiom of
Runway Size and Distance From Threshold

.. RUXWAY SIZE (FEET)
DISTANCE 350 % 300 x 150 x 100 x 150

{(FEET) 3,000 6,000 6,000 6,000 9,000 MEAN

5,000 .90 1.07 .85 .73 .74 .86
- 8,000 A7 .77 .68 .73 .61 .71
- 11,000 .79 .87 .73 .72 .56 .73
. 14,000 .84 .98 .79 .75 .72 .82
. 17,000 .97 1.02 1.05 .99 .83 .97

MEAN .85 .94 .82 .78 .69
- An important finding concerns the variability of responses between sub-
* jects in a given experimental condition. The average range of responses
: between subjects (intersubject variability) over all experimental conditions
E was 4.29. Intersubject range is shown in Table 3 as a function of runway size
- and distance. There is a tendency for the intersubject range of responses to
g vary inversely with both distance and runway length/width ratio.
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The range of responses within a given experimental condition was deter-
mined for each subject as a measure of intrasubject variability. Intrasubject
variability averaged over subijects is shown as a function of runway size and
distance in Table 4. In the case of the mean intrasubject range of responses,
variability again varies inversely with runway length/width ratio. Intra-
subject variability initially decreases with distance, from 17,000 to 11,000
£t, and then increases at the nearest, 5,000 ft, distance. These fluctuations
in gean intrasubject range of responses were small, however, on the corder of
0.27.

Discussion.

The present experiment did not permit feedback to the pilots concerning
their accuracy of response. Responses were analogous, therefore, to responses
to unfamiliar runways of widely varying size. The present study demonstrates
the existence of illusions due to variations in both runway length and width
in simulated nighttime "black hole" situaticns. As runway length/width ratio
was# ycreased from 20:1 to 60:1, approach angles decreased by 0.84°%, from
2.7%#o0 1.96°, on the average. These findings, and the findings of Experiment
I, corrchorate warnings of runway size illusions from anecdotal rerorts of
rilets, and have implications regarding which cues in the runway image produce
the illusions. :

There are at least three cues involving runway image size and shape which
permit predicticon of effects of varving runway width and length on pilot
judgment of approach angle. These are {i) linear perspective, (ii} runway
image heiglig and (iii) length/width ratio in the runway image. Linear per-—
spective can be defined as the magnitude of the base angles of the trapezoidal
runwav image when the pilot's eve is aligned with the extended centerline.
iinear perspective increases with approach angle and distance, and varies in—
versely with runway width. The linear perspective cue may predict an effect
of width if the pilot's perceptual syvstem utilizes the natural relation be-
tween linear perspective and distance learnmed for a particular (familiar)
runway and the normal approach angle. Applving such a learned function to a
wider runway would cause the pilot tc produce a higher than normal approach
angle, and a narrower runway would cause low approaches. This cue system
would predict runwav width effects, but would not predict the effects of
varving runway length observed in the present experiment.

The secondé cue, runway image height, increases with approach angle and
runway iength, and decreases with distance from the runwav. Avolying a
learned relation of image height to distance would cause high aporoaches with
shorter than normal runways and low approaches with longer than normal runways.
The image height cue will predict runway length effects, but will not predict
the effect of varving runway width that was observed in this study.

A third cue which will predict runway size effects on perception of
approach angle is the ratio of length to width in the runway image (26)
described above. It can be shown gecmetrically, for all runways with the
same ratio of actual length to actual width, that the ratic of runway image
heicht to image width of the far end is a function of only one variable,
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approach angle {21i). The ratio appropriate for a given approach angle
increases with actual length/width ratio in the runway, but is independent

of absolute dimensions of the runway. Applying a particular learned value of
image length/width ratic to runways with actual length/width ratios greater
or less than normal will result in a2 deviation below or above the normal
approach angle, respectively. The present finding of both length and width
effects is in agreement with predictions of the image length/width cue. The
lack of significant correlation between length and width effects, however,
suggests the possibility that image height and linear perspective, working
independently, may have caused the runway size effects observed. An alterna-
tive possibility is that the imace length/width cue determined the illusions,
but response variability obscured the relation of length and width effects.
Additioral research is required to discriminate between these possibilities.

The fact that variability of generated approach angles was large does not
detract from the importance of runway size effects. The effect of varving
runway size is to shift the distribution of ojilot responses that can occur in
2 given situation up or down the scale of approach angles.

Giving pilots knowledge of runwav size did not have any effect on the
magnitude of illusions due to variation in runway size. This finding most
probably reflects the unconscious nature of the process involved in the per-
ception of approach angle. BKarris ({6) has theorized that due to the un-
conscious nature of perception, simplv telling pilots of the dancer of visual
illusions in night approaches will not lessen that danger as long as the pilot
still relies on the same vulnerable perceptual process. The present finding
supports Harris' view. The need for improved technigues of training pilots to
counteract visual illusions in night visual approaches and to adapt to different
runway situations is clear.

OVERVIEW

The findings of this studv provide empirical evidence of illusions in
jucgments of approach angle due to variations in both lencth and widtl of run-
ways. The findings alsc demonstrate the interaction of recent practice with
a specific runway with those runway size effects. These findings add to the
accum:lating bodv of experimental evidence concerning the existence of differ-
ent sources of errors in the perception of aporoach angle, errors which make
the night approach situation dangerous, especially in the visual environment
called the "black hole,™ where the only lights visible on the ground are the
edge and end lights of the runway (17,20,2i). These £indings also support a
vrediction of (i} increased chance of making a dangerous, low approach when a
pilot flies : nichttime approach to an unfamiliar runway that has a large ratio
of length to width and (ii) an even greater danger if the pilot's recent
experience was with a runway with a smaller ratio of length to width.

These data alsc support previous studies which show judgment of appreach
angle to be extremely variable in the nighttime approach situation (10,17}).
Although it is sometimes stated that cwes in the runway image formed by the
boundarv-marking (edge) lights represent the minimum cues that a pilot needs
for landing (16}, the results of the present study add to a growing base of
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evidence that these cues may often be a souarce of rather large error in juda-
ment of approach angle, and are, therefore. insufficient for a safe approach
to landing. The present findings al:¢ support the recommendation that landing
aids such as Iastriment Landing Systeﬂs (I1.8), and Visual Apprcach Slope
Indicater {VASI) svstems be utilized at night to suppliement natural visual
information at all airports where, otherwise, the lack of surrounding ground
lights forces reliance on ineffective visual cues even in geod visibility
conditions. Althouch the problem of varyving the amount of information on the
approach scene can be performed mest easily in the laboratory or through use
of a computer—controllied aircraft simulator with s CGI visual display, there
remains a continuing need for studies of flight paths in actual night approaches
as a function of environmental conditions, including variation in runway size,
to validate the simulation data recorded in this study.
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